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(54) Title: LIQUEFYING A STREAM ENRICHED IN METHANE 
(57) Abstract 

Liquefying a stream enriched in methane com- 
prising a) supplying a natural gas stream (1) to a 
scrub column (5), removing in the scrub column (5) 
heavier hydrocarbons from the natural gas stream (1) 
to obtain a gaseous overhead stream (8) withdrawn 
from the top of the scrub column (5), partly con- 
densing the gaseous overhead stream and removing 
from it a condensate stream (91), which is returned 
to the upper part of the scrub column (5) as reflux; b) 
liquefying the stream enriched in methane in a tube 
(15) arranged in a main heat exchanger (17) by indi- 
rect heat exchange with a multicomponent refrigerant 
evaporating at low refrigerant withdrawn from the 
shell side (19) of the main heat exchanger (15) and 
partly condensing it at an elevated refrigerant pres- 
sure; and c) compressing the multicomponent refrig- 
erant pressure in a tube (38) arranged in an auxiliary 
heat exchanger (35) by indirect heat exchange with an 
auxiliary multicomponent refrigerant evaporating at 
low auxiliary refrigerant pressure to obtain multicom- 
ponent refrigerant for use in step b), wherein partly 
condensing the gaseous overhead stream is done in 
a tube (83) arranged in the auxiliary heat exchanger 
(35). 
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LIQUEFYING A STREAM ENRICHED IN METHANE 



The present invention relates to a method of 
liquefying a stream that is enriched in methane. This 
stream is obtained from natural gas, and the product 
obtained by the method is referred to as liquefied 

natural gas (LNG) . 

In the article ^Liquef action cycle developments' by R 
Klein Nageivoort, I Poll and A J Ooms, published in the 
proceedings of the 9th LNG International Conference, 
Nice, France, 17-20 October 1989 such a method is 
described . 

The known method of liquefying a stream enriched in 
methane comprises the steps of: 

a) supplying a natural gas stream at elevated pressure to 
a scrub column, removing in the scrub column heavier 
hydrocarbons from the natural gas stream which are 
withdrawn from the bottom of the scrub column to obtain a 
gaseous overhead stream withdrawn from the top of the 
scrub column, partly condensing the gaseous overhead 
stream and removing from it a condensate stream to obtain 
the stream enriched in methane at elevated pressure; 

b) liquefying the stream enriched in methane at elevated 
pressure in a tube arranged in a main heat exchanger by 
indirect heat exchange with a multicomponent refrigerant 
evaporating at low refrigerant pressure in the shell side 
of the main heat exchanger; and 

c) compressing the multicomponent refrigerant withdrawn 
from the shell side of the main heat exchanger and partly 
condensing it at elevated refrigerant pressure in a tube 
arranged in an auxiliary heat exchanger by indirect heat 
exchange with an auxiliary multicomponent refrigerant 
evaporating at low auxiliary refrigerant pressure in the 
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shell side of the auxiliary heat exchanger to obtain 
multicomponent refrigerant for use in step b) . 

In the scrub column the gas stream is contacted with 
liquid reflux, which has a lower temperature so as to 
further cool the gas stream. As a result heavier 
hydrocarbons of the gas stream are condensed and the 
formed liquid is collected in the bottom of the scrub 
column from where it is withdrawn. 

In the known method, the liquid heavier hydrocarbons 
withdrawn from the bottom of the scrub column and the 
condensate stream from the gaseous overhead stream are 
passed to a fractionation unit to be partially condensed. 
From the fractionation column a stream is removed which 
is used as reflux in the scrub column. 

Prior to supplying the natural gas stream in step a) 
to the scrub column, it is cooled. The temperature of the 
reflux stream should be significantly lower than that of 
the natural gas stream supplied to the scrub column. This 
requirement sets a lower limit for the temperature of the 
natural gas stream supplied to the scrub column. 

In the known method, the natural gas stream is cooled 
in a tube arranged in the auxiliary heat exchanger before 
it is introduced into the scrub column. Thus the 
temperature of the cold end of the auxiliary heat 
exchanger is limited by the temperature of the reflux 
stream. Thus more heat has to be extracted in the main 
heat exchanger to liquefy the stream enriched in methane. 

It is an object of the present invention to allow a 
lower temperature at the cold end of the auxiliary heat 
exchanger so that the amount of heat that is to be 
extracted in order to liquefy the stream enriched in 
methane is reduced. 

To this end the method of liquefying a stream 
enriched in methane according to the present invention is 
characterized in that partly condensing the gaseous 
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overhead stream is done in a tube arranged in the 
auxiliary heat exchanger. 

In this way the temperature of the cold end of the 
auxiliary heat exchanger can be selected as low as 
practicable . 

In the known method, the temperature of the 
multicomponent refrigerant withdrawn from the cold end of 
the auxiliary heat exchanger was also limited by the 
temperature of the reflux. An advantage of the method of 
the present invention is that this limitation has been 
removed. Consequently a lower circulation rate of the 
multicomponent refrigerant is required. 

The invention will now be described by way of example 
in more detail, with reference to the accompanying 
drawings, wherein 

Figure 1 shows schematically a flow scheme of the 
plant in which the method of the invention is carried 
out, and 

Figure 2 shows an alternative way of partly 
condensing the multicomponent refrigerant. 

In the method of the present invention a natural gas 
stream 1 is supplied at elevated pressure to a scrub 
column 5. In which scrub column 5 hydrocarbons heavier 
than methane are removed from the natural gas stream, 
which heavier hydrocarbons are withdrawn from the bottom 
of the scrub column 5 through conduit 7. In this way a 
gaseous overhead stream is obtained which has a higher 
methane concentration than the natural gas, this gaseous 
overhead stream is withdrawn from the top of the scrub 
column 5 through conduit 8 . 

The gaseous overhead stream is partly condensed, and 
from it a condensate stream is removed to obtain a stream 
enriched in methane at elevated pressure that is passed 
through conduit 10 to a first tube 15 arranged in a main 
heat exchanger 17 in which the stream is liquefied. We 
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will first discuss the liquefaction in more detail before 
partly condensing the gaseous overhead stream is 
discussed . 

Liquefying the stream enriched in methane at elevated 
pressure is done in the first tube 15 arranged in the 
main heat exchanger 17 by indirect heat exchange with a 
multicomponent refrigerant evaporating at low refrigerant 
pressure in the shell side 19 of the main heat exchanger 
15. Liquefied gas is removed at elevated pressure from 
the main heat exchanger 17 through conduit 20 for further 
treatment (not shown) . 

The evaporated multicomponent refrigerant is 
withdrawn from warm end of the shell side 19 of the main 
heat exchanger 15 through conduit 25. In compressor 27 
the multicomponent refrigerant is compressed to elevated 
refrigerant pressure. Heat of compression is removed 
using an air cooler 30. The multicomponent refrigerant is 
passed through conduit 32 to an auxiliary heat exchanger 
35. In a first tube 38 of the auxiliary heat exchanger 
35, the multicomponent refrigerant is partly condensed at 
elevated refrigerant pressure by indirect heat exchange 
with an auxiliary multicomponent refrigerant evaporating 
at low auxiliary refrigerant pressure in the shell side 
39 of the auxiliary heat exchanger 35 to obtain 
multicomponent refrigerant which is passed to the main 
heat exchanger 17 . 

The multicomponent refrigerant is passed from the 
first tube 38 through a conduit 42 to a separator 45, 
where it is separated into a gaseous overhead stream and 
a liquid bottom stream. The gaseous overhead stream is 
passed through a conduit 47 to a second tube 4 9 arranged 
in the main heat exchanger 17, where the gaseous overhead 
stream is cooled, liquefied and sub-cooled at elevated 
refrigerant pressure. The liquefied and sub-cooled 
gaseous overhead stream is passed through conduit 50 
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provided with an expansion device in the form of an 
expansion valve 51 to the cold end of the shell side 19 
of the main heat exchanger 17 in which it is allowed to 
evaporate at low refrigerant pressure. The liquid bottom 
stream is passed through a conduit 57 to a third tube 59 
arranged in the main heat exchanger 17, where the liquid 
bottom stream is cooled at elevated refrigerant pressure. 
The cooled liquefied bottom stream is passed through 
conduit 60 provided with an expansion device in the form 
of expansion valve 61 to the middle of the shell side 19 
of the main heat exchanger 17 in which it is allowed to 
evaporate at low refrigerant pressure. The evaporating 
multicomponent refrigerant does not only extract heat 
from the fluid passing through the first tube 15 in order 
to liquefy it, but also from the refrigerant passing 
through the second and the third tube 49 and 59. 

The auxiliary multicomponent refrigerant evaporated 
at low auxiliary refrigerant pressure in the shell side 
39 of the auxiliary heat exchanger 35 is removed 
therefrom through conduit 65. In compressor 67 the 
auxiliary multicomponent refrigerant is compressed to 
elevated auxiliary refrigerant pressure. Heat of 
compression is removed using an air cooler 70. The 
auxiliary multicomponent refrigerant is passed through 
conduit 72 to a second tube 78 arranged in the auxiliary 
heat exchanger 35 in which it is cooled. The cooled 
auxiliary multicomponent refrigerant is passed through 
conduit 80 provided with an expansion device in the form 
of expansion valve 81 to the cold end of the shell 
side 39 of the auxiliary heat exchanger 35 in which it is 
allowed to evaporate at low auxiliary refrigerant 
pressure . 

Having discussed the liquefaction cycle in more 
detail we will now discuss how the gaseous overhead 
stream withdrawn through conduit 8 from the top of the 
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scrub column 5 is partly condensed. 

The gaseous overhead stream is supplied through 
conduit 8 to a third tube 83 arranged in the auxiliary 
heat exchanger 35. In this third tube 83 the gaseous 
overhead stream is partly condensed. The partly condensed 
gaseous overhead stream is removed from the third tube 83 
and passed via conduit 85 to separator 90. In separator 
90 a condensate stream is removed to obtain the stream 
enriched in methane at elevated pressure that is passed 
through the conduit 10 to the first tube 15 arranged in 
the main heat exchanger 17. The condensate stream is 
returned through conduit 91 to the upper part of the 
scrub column 5 as reflux. 

The method of the present invention differs from the 
known method in that in the known method the natural gas 
stream was cooled in the auxiliary heat exchanger before 
it was supplied to the scrub column. In the known method 
reflux was obtained from a fractionation unit, and the 
temperature of this reflux determines the upper limit of 
the temperature of the cooled natural gas as supplied to 
the scrub column. 

The temperature to which the natural gas can be 
cooled in the known method was about -22 °C in order that 
it is above the reflux temperature. This means that the 
lowest temperature that can be obtained at the cold end 
of the auxiliary heat exchanger is also -22 °C. This is 
then as well the temperature of the partly condensed 
multicomponent refrigerant. In addition, cooling the 
natural gas to -22 °C upstream of the scrub column also 
implies that the process gets less and less efficient, 
because of the cold removed with the liquid heavier 
hydrocarbons withdrawn from the bottom of the scrub 
column . 

In the method of the invention, however, the gaseous 
overhead stream withdrawn through conduit 8 from the top 
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of the scrub column 5 is partly condensed to a much lower 
temperature of about -50 °C, and that can be done because 
it provides the reflux to the scrub column 50. 

As a result the temperature at the cold end of the 
5 auxiliary heat exchanger 35 is much lower than in the 

known method. Thus the temperature to which the 
multicomponent refrigerant is cooled is much lower and 
this results in a lower circulation rate of the 
multicomponent refrigerant . 
0 Suitably, the natural gas stream is pre-cooled and 

dried before it enters into the scrub column 5. Pre- 
cooling is suitably effected by indirect heat exchange 
with a bleed stream from the auxiliary multicomponent 
refrigerant passing through conduit 72 downstream of the 
5 air cooler 70. To this end the auxiliary multicomponent 

refrigerant is passed through conduit 93 provided with 
expansion valve 95 to a heat exchanger 97 arranged in 
conduit 1. Please note that for the sake of simplicity, 
we have shown the heat exchanger 97 twice, at first in 
0 the conduit 1 and secondly in the circuit between the 

conduits 72 and 65. However, it is the same heat 
exchanger . 

Suitably, the multicomponent refrigerant is partly 
condensed in two stages. This embodiment of the present 
5 invention will be described with reference to Figure 2. 

The auxiliary heat exchanger of Figure 2 comprises a 
first auxiliary heat exchanger 35 1 and a second auxiliary 
heat exchanger 35". 

The multicomponent refrigerant is passed through 
30 conduit 32 to the first auxiliary heat exchanger 35'. In 

the first tube 38 1 of the first auxiliary heat 
exchanger 35', the multicomponent refrigerant is cooled 
at elevated refrigerant pressure by indirect heat 
exchange with an auxiliary multicomponent refrigerant 
35 evaporating at intermediate auxiliary refrigerant 



WO 99/60316 PCT/EP99/03584 

- 8 - 

pressure in the shell side 39* of the first auxiliary 
heat exchanger 35'. Cooled multicomponent refrigerant is 
passed through connecting conduit 98 to the second 
auxiliary heat exchanger 35' 1 . 

In the first tube 38' ' of the second auxiliary heat 
exchanger 35' ' , the multicomponent refrigerant is partly 
condensed at elevated refrigerant pressure by indirect 
heat exchange with an auxiliary multicomponent 
refrigerant evaporating at low auxiliary refrigerant 
pressure in the shell side 39' 1 of the second auxiliary 
heat exchanger 35' 1 to obtain multicomponent refrigerant, 
which is passed through conduit 42 to the main heat 
exchanger (not shown in Figure 2) . 

The auxiliary multicomponent refrigerant evaporated 
at intermediate auxiliary refrigerant pressure in the 
shell side 39' of the first auxiliary heat exchanger 35 1 
is removed therefrom through conduit 65'. In this 
embodiment, compressor 67 is a two-stage compressor. In 
the second stage of the compressor 67 , the auxiliary 
multicomponent refrigerant is compressed to elevated 
auxiliary refrigerant pressure. Heat of compression is 
removed using an air cooler 70. The auxiliary 
multicomponent refrigerant is passed through conduit 72 
to a second tube 78 1 arranged in the first auxiliary heat 
exchanger 35' in which it is cooled. Part of the cooled 
auxiliary multicomponent refrigerant is passed through 
conduit 80 ' provided with an expansion device in the form 
of expansion valve 81' to the cold end of the shell 
side 39 1 of the first auxiliary heat exchanger 35 1 in 
which it is allowed to evaporate at intermediate 
auxiliary refrigerant pressure. The evaporating 
refrigerant extracts heat from the fluids flowing through 
the tubes 38 ' and 78 1 . 

The remainder of the auxiliary multicomponent 
refrigerant is passed through connecting conduit 99 to a 
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second tube 7 8' ' arranged in the second auxiliary heat 
exchanger 35' 1 in which it is cooled. The cooled 
auxiliary multicomponent refrigerant is passed through 
conduit 80 11 provided with an expansion device in the 
form of expansion valve 81 11 to the cold end of the shell 
side 39 11 of the second auxiliary heat exchanger 35 11 in 
which it is allowed to evaporate at low auxiliary 
refrigerant pressure. The evaporating refrigerant 
extracts heat from the fluids flowing through the tubes 
38 ,f and 78'', and from the gaseous overhead stream 
withdrawn from the top of the scrub column 5 passing 
through the third tube 83. 

Evaporated auxiliary multicomponent refrigerant at 
low auxiliary refrigerant pressure is removed through 
conduit 65' In the two-stage compressor 67 the 
auxiliary multicomponent refrigerant is compressed to 
elevated auxiliary refrigerant pressure. 

Alternatively, the gaseous overhead stream withdrawn 
from the top of the scrub column 5 is partly condensed in 
both the first and the second auxiliary heat 
exchanger 35' and 35 1 '. 

Suitably, the natural gas stream is pre-cooled and 
dried before it enters into the scrub column 5. Pre- 
cooling is suitably effected by indirect heat exchange 
with a bleed stream from the auxiliary multicomponent 
refrigerant passing through conduit 72 downstream of the 
air cooler 70. To this end the auxiliary multicomponent 
refrigerant is passed through conduit 93' provided with 
expansion valve 95 1 to a heat exchanger 97 1 arranged in 
conduit 1. 

Further cooling of the natural gas stream can 
suitably be achieved by indirect heat exchange with a 
bleed stream from the auxiliary multicomponent 
refrigerant passing through connecting conduit 99. To 
this end the auxiliary multicomponent refrigerant is 
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passed through conduit 93' • provided with expansion valve 
95 to a heat exchanger 97 ' 1 arranged in conduit 1. 

The air coolers 30 and 70 may be replaced by water 
coolers and, if required, they or the water coolers can 
5 be supplemented by heat exchangers in which a further 

coolant is used. 

The expansion valve 61 can be replaced by an 
expansion turbine . 

^ auxiliary heat exchanger(s) 35, 35 f and 35' 1 can 
10 be s^- • 'ound or plate-fin heat exchangers. 
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CLAIMS 



1. Method of liquefying a stream enriched in methane 
comprising the steps -of: 

a) supplying a natural gas stream at elevated pressure to 
a scrub column, removing in the scrub column heavier 
hydrocarbons from the natural gas stream which are 
withdrawn from the bottom of the scrub column to obtain a 
gaseous overhead stream withdrawn from the top of the 
scrub column, partly condensing the gaseous overhead 
stream and removing from it a condensate stream, which is 
returned to the upper part of the scrub column as reflux 
to obtain the stream enriched in methane at elevated 
pressure; 

b) liquefying the stream enriched in methane at elevated 
pressure in a tube arranged in a main heat exchanger by 
indirect heat exchange with a multicomponent refrigerant 
evaporating at low refrigerant pressure in the shell side 
of the main heat exchanger; and 

c) compressing the multicomponent refrigerant withdrawn 
from the shell side of the main heat exchanger and partly 
condensing it at elevated refrigerant pressure in a tube 
arranged in an auxiliary heat exchanger by indirect heat 
exchange with an auxiliary multicomponent refrigerant 
evaporating at low auxiliary refrigerant pressure in the 
shell side of the auxiliary heat exchanger to obtain 
multicomponent refrigerant for use in step b) , 
characterized in that partly condensing the gaseous 
overhead stream is done in a tube arranged in the 
auxiliary heat exchanger. 

2. Method according to claim 1, wherein partly 
condensing the multicomponent refrigerant comprises 
cooling it at elevated refrigerant pressure in a tube 
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arranged in a first auxiliary heat exchanger by indirect 
heat exchange with an auxiliary multicomponent 
refrigerant evaporating at intermediate auxiliary 
refrigerant pressure in the shell side of the first 
auxiliary heat exchanger and subsequently in a tube 
arranged in a second auxiliary heat exchanger by indirect 
heat exchange with an auxiliary multicomponent 
refrigerant evaporating at low auxiliary refrigerant 
pressure in the shell side of the second auxiliary heat 
exchanger, and wherein partly condensing the gaseous 
overhead stream is done by cooling the gaseous overhead 
in a tube arranged in the first and in the second 
auxiliary heat exchanger. 

3. Method according to claim 2, wherein partly 
condensing the gaseous overhead stream is done in a tube 
arranged in the second auxiliary heat exchanger. 

4. Method according to any one of the claims 1-3, 
wherein the natural gas stream is pre-cooled by indirect 
heat exchange with a bleed stream from the auxiliary 
multicomponent refrigerant . 



WO 99/60316 



1/2 



PCT/EP99/03584 




906O316A1 I > 



WO 99/60316 



2/2 



PCT/EP99/03584 



Fig.2. 

f2 . 




INTERNATIONAL SEARCH REPORT 



Int tional Application No 

PCT/EP 99/03584 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 F25J1/02 F25J3/06 



According to International Patent Classification (IPC) or to both national classificati on and IPC 
B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 F25J 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4 548 629 A (CHIU CHEN-HWA) 
22 October 1985 (1985-10-22) 
claims; figures 

FR 2 281 550 A (LINDE AG) 
5 March 1976 (1976-03-05) 
claims; figures 

US 4 504 296 A (NEWTON CHARLES L ET AL) 

12 March 1985 (1985-03-12) 

column 2, line 41 - line 57; claims; 

figures 

US 4 065 278 A (NEWTON CHARLES L ET AL) 
27 December 1977 (1977-12-27) 
the whole document 

-/— 



1-4 



m 



Further documents are listed in the continuation of box C 



ID 



Patent family members are listed in annex. 



• Special categories of cited documents : 

•A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E H earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international Ming date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&* document member of the same patent family 



Date of the actual completion of the international search 



29 September 1999 



Date of mailing of the international search report 



08/10/1999 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NIL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (431-70) 340-3016 



Authorized officer 



Lapeyrere, J 



Form PCT/ISA/210 («©oond sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Int tjonai Application No 

PCT/EP 99/03584 



C(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • 


Citation of document, with indication. where appropriate, of the relevant passages 


Relevant to claim No. 


A 


EP 0 723 125 A (KOBE STEEL LTD) 

24 July 1996 (1996-07-24) 

page 11, line 29 - line 52; figure 3 


1 



Form PCT/lSA/210 (continuation at second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Int *tional Application No 

PCT/EP 99/03584 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 4548629 



22-10-1985 



GB 2147984 A,B 



FR 2281550 



05-03-1976 



DE 
GB 
OP 
JP 
OP 
SU 
US 



2438443 
1487466 
1089471 
51028101 
56032540 B 
1029833 A 
4112700 A 



A 
A 
C 
A 



US 4504296 A 



12-03-1985 



AU 
AU 
CA 
DE 
DK 
EP 
ES 
OP 
OP 
OP 
OA 



544231 B 
3053484 A 
1232532 
3474997 

340484 
0131947 

534264 
1611825 
2035229 B 
60050370 A 
7749 A 



22-05-1985 



19-02-1976 
28-09-1977 
23-03-1982 
09-03-1976 
28-07-1981 
15-07-1983 
12-09-1978 



23- 05- 

24- 01- 
09-02- 

08- 12- 

19- 01- 
23-01- 
16-12- 
30-07- 

09- 08- 

20- 03- 
30-08- 



1985 
1985 
1988 
1988 
1985 
1985 
1985 
•1991 
•1990 
•1985 
•1985 



US 


4065278 A 


27-12-1977 


AU 


508255 B 


13-03-1980 




DE 


2749673 A 


10-05-1979 








FR 


2409469 A 


15-06-1979 








GB 


1545389 A 


10-05-1979 








AU 


3028077 A 


10-05-1979 


EP 


0723125 A 


24-07-1996 


OP 


8159675 A 


21-06-1996 




OP 


8159652 A 


21-06-1996 








US 


5644931 A 


08-07-1997 








US 


5813250 A 


29-09-1998 



Form PCT/1SA/210 (patent family annex) (July 1992) 



